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AVIAN COMMUNITY STRUCTURE IN SWEET CHESTNUT COPPICED
WOODS FACING NATURAL RESTORATION
Paola LAIOLO1, Antonio ROLANDO1 & Valentina VALSANIA1
RÉSUMÉ
En Italie, la répartition de Castanea sativa dépend largement de l’homme qui le protégea
et ensuite le cultiva pendant quelque 3 000 ans. Toutefois, récemment la culture du châtaignier
a régulièrement régressé, essentiellement pour des raisons sociales et économiques. Nous ana-
lysons ici la dynamique du peuplement avien qui caractérise un gradient allant des boisements
soumis à la collecte du bois de chauffe aux bosquets relictuels abandonnés, avec des cultivars
adultes et fructifères parsemés. La diversité avienne, la densité, la richesse spéciﬁque ainsi que
l’abondance de six des seize espèces d’oiseaux les plus communes se sont avérées positive-
ment affectées par l’occurrence de châtaigniers matures dans les peuplements étudiés. Ces
vieux arbres (> 100 ans) sont riches en cavités et portent beaucoup de branches mortes et, pour
les oiseaux, peuvent remplacer les bois morts sur pied, offrant nourriture, emplacements de
reproduction et dortoirs. Nous avons aussi trouvé une tendance signiﬁcative de l’abondance, la
richesse spéciﬁque et la diversité aviennes à augmenter avec l’âge des peuplements végétaux.
L’hétérogénéité de la structure et de la composition de la végétation après régénération natu-
relle crée vraisemblablement des conditions plus réellement forestières que les jeunes boise-
ments uniformes, supportant ainsi une communauté avienne plus riche. Les résultats sont dis-
cutés en termes de conservation de la diversité avienne dans les vieux bosquets.
SUMMARY
In Italy the spread of Castanea sativa is largely dependent upon humans, who ﬁrst pro-
tected and then cultivated it for about 3000 years. Recently, however, chestnut cultivation has
steadily declined, due mainly to social and economic factors. In this paper we analysed the
dynamics of the bird community in chestnut stands that represent a gradient from woods
impacted by domestic ﬁrewood collecting to abandoned and derelict coppice interspersed with
mature fruiting cultivars. Bird diversity, density, species richness and the abundance of six out
of the sixteen commonest species were positively affected by the occurrence of mature fruiting
sweet chestnuts in the study stands. These old trees (> 100 years) are rich in cavities and sup-
port many dead branches and thus can take the place of dead standing wood for birds, offering
food, nesting and roosting sites. We also found a signiﬁcant trend of increasing bird abun-
dance, species richness and diversity with increasing stand age; heterogeneity in vegetation
structure and composition following natural regeneration possibly created more forest-like
conditions than uniform younger woods, thus supporting a richer bird community. The present
ﬁndings are discussed in terms of conservation of bird diversity in old coppiced woods.
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INTRODUCTION
Most of lowland to submontane forests all over Europe experienced a long his-
tory of management, which profoundly altered both vegetation structure and tree
species composition. Sweet chestnut (Castanea sativa) woods are a good example:
in Italy the spread of Castanea sativa is largely dependent upon humans, who first
protected and then started to cultivate it (Paganelli & Miola, 1991; Accorsi et al.,
2000). In the Mediterranean region, chestnut has been cultivated for at least 3000
years and today it occurs in wild or naturalized populations of hill and submontane
landscapes. In the past centuries, the anthropic woods of sweet chestnut were a
major source of fuel wood timber, posts and also food: the edible sweet nut of Cas-
tanea sativa was a key component of the diet of people from hill and montane
Southern Europe. For much of this century, however, chestnut cultivation has stea-
dily declined, due mainly to social and economic factors, and to the spread of the
chestnut blight (Endothia parasitica). Currently, these woods are unlike to self-
regenerate and, without human intervention, they are being colonized by native wild
broad-leaved trees. Abandoned chestnut woodland might gradually develop the
characteristics of natural woodland, though this will take a long time. The aim of
this study is to assess whether the abandonment and consequent natural restoration
of chestnut coppiced woods affect the bird community. Within a habitat, both the
floristic composition and the vegetation structure may influence bird community
composition (MacArthur & MacArthur, 1961; Blondel et al., 1973; Rotenberry,
1985). From the viewpoint of bird conservation, it is generally thought that mixed-
tree species stands may represent the best solution, despite some introduced tree
may have negative effects on birds when interspersed with other species (Laiolo et
al., 2003). Despite species diversity and richness usually tend to increase with
forest age (Helle & Monkkonen, 1990), it has been shown that over-mature coppice
is a poor habitat for birds, because these woods have lost the bird communities asso-
ciated with young, actively managed coppice; hence, it is generally thought that
there is little reason to retain derelict coppice (Fuller, 1982). In this study we sur-
veyed the dynamics of bird community in chestnut stands that represent a gradient
from woods impacted by domestic firewood collecting to abandoned and derelict
coppice interspersed with old fruiting cultivars. Several quantitative and qualitative
habitat descriptors were estimated, in order to cover different critical aspects of
sweet chestnut wood structure and dynamics and estimate their effects on birds.
METHODS
STUDY AREA
This research was undertaken within and around the Val Grande Natural Park
(45˚50’-46˚08’N and 8˚17’-8˚41’E), a 12 000 ha protected area of north-western
Italian Alps; the study stands were located between 370 and 1000 m a.s.l. In the
past, the most common silvicultural practice in chestnut woods was coppice, often
with old (> 100 years) single stem trees retained to produce edible nuts. Currently,
these woods face low or no impact of modern forestry: they represent a gradient
from woods impacted by low levels firewood collecting to abandoned and derelict
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stands. We considered only plots where chestnut was dominant (percentage of
cover: 30-100%; range of tree diameters at breast height: 8-140 cm). Wild broad-
leaved trees such as oaks (Quercus robur, Q. petraea, Q. cerris), ash (Fraxinus
excelsior), sycamore (Acer pseudoplatanus) and birch (Betula pendula) also occur,
and their percentage of cover was comprised between zero and 40%. None of the
study woods has been clear-cut, planted or otherwise subjected to regular present-
day silvicultural methods, although these methods have been applied to varying
degree in the surrounding deciduous woods.
BIRD SURVEY AND MEASUREMENTS OF HABITAT VARIABLES
The breeding bird community was surveyed in April-June 2001-2002 by 50-m
radius point counts following standards recommended by Blondel et al. (1970),
Blondel (1975) and Bibby et al. (2000). Points were sampled for 10 min and each
bird seen or heard within the plot boundaries (excluding fly-overs) was recorded.
At each point we described habitat characteristics by means of qualitative and quan-
titative variables. The following qualitative variables were estimated: occurrence of
old fruiting trees (binary variable: 0 = absence, 1 = presence), occurrence of dead
standing trees (i.e. snags, 0 = absence, 1 = presence), occurrence of climbers
(namely ivy Hedera helix, 0 = absence, 1 = presence). Habitat was described by
means of the following structural variables: mean diameter at breast height (DBH;
the four closest canopy trees were located, one within each quartile: north, south,
east and west; DBH was measured directly with a tape measure), mean canopy hei-
ght (H; measured on the same trees chosen for DBH, a hypsometer was used), mean
canopy density (D the distance among the four closest trees was paced in metres;
the inverse of distance gave the measure of density). Woodlands are complicated
three-dimensional habitats, so describing their variations with simple point quarter
techniques may appear an oversimplification. This argument unquestionably
applies to very complex forests, but, in our study woodlands, the 50 m radius plots
were structurally very homogeneous, even in the case of old ones. For each point,
we estimated the variability in canopy profile (CVH), in tree diameter (CVDBH)
and in tree density (CVD); the latest three were expressed as the coefficient of
variation (= SD/mean × 100) of H, DBH and D measurements respectively. CVH
points out to canopy vertical variability, whereas CVD and CVDBH address to
vegetation horizontal variability (Lebreton et al., 1987). 
We also measured the diversity of canopy species (we subjectively estimated
the abundance of canopy species and then we derived a measure of diversity by
means of Shannon index), percent herb cover, percent shrub cover. To avoid any
inter-observer bias, all point counts were carried out by PL and all habitat measu-
rements were performed by VV.
DATA ANALYSIS
Bird community structure per plot was quantified in terms of bird abundance,
species richness and diversity (Shannon index: H' = – Σpi × ln pi, where pi is the
relative frequency of species i). 
One-way ANOVAs were computed to test for differences in diversity metrics
between stands with or without mature fruiting trees, snags and climbers. Principal
Component Analysis (PCA, Gaunch 1984) was used to reveal patterns in the data
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for structural variables (H, DBH, CVDBH, CVH, D, CVD) and avoid problems of
multicollinearity (Jongman et al., 1995). Before performing PCA, data were stan-
dardized to zero mean and unit standard deviation. Bird species diversity, species
richness and abundance were used as dependent variables in stepwise multiple
regression analysis. The variables used as predictors were canopy diversity, shrub
cover, ground cover, and PCA scores for components 1,2,3 for habitat structure.
Logistic regression analysis was used to describe the relationships between the
occurrence of the sixteen commonest bird species (Appendix) and a set of explana-
tory variables that represented a mixture of binary qualitative (occurrence of over-
mature fruiting trees, snags, climbers) and continuous quantitative data (canopy
diversity, shrub cover, ground cover, PC1, PC2 and PC3). We used a backward eli-
mination procedure of independent variables, progressively removing non-signifi-
cant variables. Significance of the regression coefficients was tested using the Wald
statistic, which is the square of the ratio of a regression coefficient to its standard
error and is distributed like χ2 (Legendre & Legendre, 1998).
Presence and abundance of the 16 commonest bird species at each plot were
compared with quantitative vegetation characteristics by means of the Canonical
Correspondence Analysis (CCA) that ordinates plots using both a primary matrix
of species abundances and a secondary matrix of environmental variation (ter
Braak, 1986). We performed CCA in PC-ORD (McCune & Mefford, 1999). We
logarithmically transformed species abundances and environmental variables to
give similar weights to all species and variables. To assess the significance in the
CCA axes, we used the Monte Carlo simulation to test the hypothesis that there was
no correlation between the primary (bird) and secondary (habitat) matrices: P
values were based on the proportion of 1000 Monte Carlo simulations with eigen-
value greater than the observed eigenvalue.
RESULTS
We sampled 183 points and observed 34 bird species totalling 1169 indivi-
duals. In plots where old fruiting trees were retained, bird abundance, richness and
diversity were significantly greater than those found in plots where these trees were
absent. The occurrence of climbers did not significantly affect community metrics,
whereas dead standing wood (snags) had a positive effect on the number of bird
species (Table I). 
The first three axes of Principal Component Analysis explained 70.5% of the
variability of structural variables H, DBH, CVH, CVDBH, D, CVD (Table II). The
first axis was positively correlated to tree density and its variability (D and CVD);
the second was related to the variability of tree diameter and height (CVDBH and
CVH) and thus could represent a gradient from even- to uneven-age stands; the
third was related to tree height and diameter (H and DBH) and thus expressed a gra-
dient from small (young) to large (old) trees.    
When we regressed bird community metrics to environmental continuous
variables we found a significant trend of increasing bird abundance, species rich-
ness and diversity at increasing tree age (PC3); other important predictors were
understorey (shrub) cover, which significantly affected bird abundance and species
richness, and tree diversity, which was positively correlated to bird diversity
(Table III); PC1, PC2 and herb cover had no effect, and were always removed from
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the model. It is worth noting, however, that stand age (PC3) was weakly but signi-
ficantly correlated to understorey cover (R2 = 0.03, F1,182 = 5.8, P < 0.05) and
almost significantly correlated to canopy species diversity (R2 = 0.02, F1,182 = 3.3,
P = 0.06). 
TABLE I
Means ± SD of bird diversity metrics in stands with or without over-mature frui-
ting trees, snags and climbers. * P < 0.05, *** P < 0.001. The number of points
sampled is given in brackets
Bird
density
Bird species
richness
Bird
diversity
over-mature
fruiting trees
    absent (N = 110) 5.3 ± 2.8 4.1 ± 2.0 1.2 ± 0.5
    present (N = 73) 8.0 ± 4.8 5.8 ± 2.6 1.6 ± 0.5
F 1, 181 = 25.5*** F 1, 181 = 26.1*** F 1, 181 = 16.6***
snags
    absent (N = 91) 5.9 ± 3.6 4.4 ± 2.1 1.3 ± 0.5
    present (N = 92) 6.9 ± 4.2 5.2 ± 2.6 1.4 ± 0.6
n.s. F 1, 181 = 5.2* n.s.
climbers
    absent (N = 161) 6.2 ± 3.8 4.7 ± 2.4 1.4 ± 0.5
    present (N = 22) 7.7 ± 4.8 5.3 ± 2.6 1.5 ± 0.5
 n.s. n.s. n.s.
TABLE II
Results  of principal component analysis carried out on habitat structure data. The
highest loadings are given in bold type
PC1 PC2 PC3
H 0.04 -0.28 0.80
CVH - 0.01 0.71 - 0.22
DBH - 0.15 0.47 0.72
CVDBH 0.09 0.83 0.16
D 0.86 - 0.02 - 0.12
CVD 0.85 0.07 0.07
Eigenvalues 1.50 1.48 1.25
% Total variance 24.9 24.7 20.8
H = mean canopy height; DBH = mean diameter at breast height of the four closest canopy trees;
D = mean canopy density; CV = coefﬁcient of variation.
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Considering bird-habitat relationship at the species level, the most important
predictor of species occurrence was over-mature tree retention: Great Tit, Robin,
Chaffinch, Jay, Great Spotted Woodpecker and Coal Tit were all more frequent in
spots with large single stem trees. The occurrence of Short-toed Treecreeper, Jay
and, almost significantly, that of Blackcap was positively related to tree diversity.
Climber and snag occurrence, herb and understorey cover, PC1 and PC2 of structu-
ral variables also affected some species (Table IV). 
CCA was used to ordinate the matrices of bird community (16 species) and
continuous forest habitat descriptors (PC1, PC2, PC3, herb and understorey cover,
tree diversity); this multivariate method took into account both species presence
and their abundance, unlike logistic analysis that only considers the former. The
first two ordination axes of CCA had significant canonical eigenvalues, as determi-
ned by Monte Carlo test. The first CCA axis was most correlated to PC2 and PC3,
thus representing a gradient based on tree age and its variability (PC2: r = 0.752,
PC3: r = 0.451), the second was negatively related to herb cover (r = – 0.611) and
positively correlated to tree species diversity (r = 0.431). Chiffchaff, Jay, Great
Spotted Woodpecker seemed to be associated with older and uneven-age stands, as
well as to high tree diversity spots (Fig. 1).   
DISCUSSION
In the study stands, bird abundance, species richness and diversity were all
positively affected by the occurrence of old sweet chestnuts retained to produce edi-
ble nuts, and also six out of the sixteen commonest species occurred more fre-
TABLE III
Results of stepwise multiple regression analyses. The response variables were bird
abundance, species richness and diversity; the explanatory variables (independent
variables) were canopy species diversity, shrub cover, ground cover, and the three
principal components (PC1, PC2 and PC3) summarizing the variability of
structural variables (H, DBH, CVDBH, CVH, D, CVD). Only the variables that
signiﬁcantly entered in the model are listed. PC3 of structural variables could be
considered as accounting for forest age
Variable Coef-ﬁcient SE t-value P R
2 F P
Bird abundance Intercept 5.88 0.32 18.09 < 0.001 0.08 F 2,180 = 7.8 < 0.001
Understorey cover 0.06 0.02   3.07 < 0.01
 PC3 of structural variables 0.59 0.28   2.07 < 0.05
Species richness Intercept 4.52 0.20 22.66 < 0.001 0.09 F 2,180 = 5.8 < 0.001
Understorey cover 0.03 0.01   2.26 < 0.05
 PC3 of structural variables 0.44 0.17   2.58 < 0.05
Species diversity Intercept 1.25 0.07 19.14 < 0.001 0.07 F 2,180 = 7.2 < 0.001
Canopy species diversity 0.22 0.09   2.31 < 0.05
PC3 of structural variables 0.11 0.04   2.68 < 0.01
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quently in plot with large fruiting trees. These old trees, rich in cavities and dead
branches, were often used as nesting sites: besides tits, nuthatches, treecreepers and
woodpeckers, also Tawny Owl Strix aluco, Redstart Phoenicurus phoenicurus and
Hoopoe Upupa epops nested in crevices or trunk-holes of old chestnut. In addition,
TABLE IV
Stepwise logistic regressions of bird occurrence on environmental qualitative
(occurrence of over-mature fruiting trees; occurrence of snags; occurrence of clim-
bers) and quantitative (canopy diversity; shrub cover; ground cover; PC1, PC2 and
PC3 of structural variables) predictors. PC1 was positively correlated to tree den-
sity and its variability, PC2 represented a gradient from even- to uneven-age
stands. Only variables that entered in the model and species signiﬁcantly (or almost
signiﬁcantly, at 0.09 P-level) affected by environmental predictors are shown.
Species Coefﬁcient SE χ2 P
Great  Spotted woodpecker Constant - 1.12 0.27 16.9 < 0.001
occurrence of fruiting trees 1.42 0.46 9.78 < 0.005
Robin Constant 0.50 0.26 3.63 0.057
occurrence of fruiting trees 0.97 0.25 7.45 < 0.01
occurrence of snags 0.90 0.34 6.81 < 0.01
Blackbird Constant - 1.81 0.24 57.4 < 0.001
understorey cover 0.02 0.01 4.00 0.056
Blackcap Constant - 0.27 0.57 0.22 0.64
canopy species diversity - 0.71 0.40 3.09 0.07
Chiffchaff Constant - 1.52 0.29 27.4 < 0.001
PC1 of structural variables - 0.51 0.24 5.27 < 0.05
PC2 of structural variables 0.69 0.22 9.96 < 0.05
occurrence of snags - 1.13 0.49 5.35 < 0.005
Long-tailed Tit Constant - 0.98 0.48 4.19 < 0.05
occurrence of climbers - 1.37 0.55 6.12 < 0 .05
Coal Tit Constant - 2.92 0.44 43.9 < 0.001
occurrence of fruiting trees 1.50 0.38 15.3 < 0.001
ground cover 0.03 0.01 6.76 < 0.01
Great Tit Constant 0.35 0.27 1.59 0.21
occurrence of fruiting trees 0.67 0.34 4.04 < 0.05
understorey cover 0.02 0.01 4.37 < 0.05
Marsh Tit Constant - 1.50 0.69 7.40 < 0.01
occurrence of climbers 1.09 0.55 3.58 0.059
Short-toed Treecreeper Constant - 1.48 0.30 24.2 < 0.001
canopy species diversity 0.89 0.40 4.95 < 0.05
Nuthatch Constant - 0.92 0.17 30.8 < 0.001
PC1 of structural variables 0.41 0.16 6.16 < 0.05
Jay Constant 2.00 0.53 14.5 < 0.001
occurrence of fruiting trees 1.74 0.54 10.29 < 0.001
canopy species diversity 1.16 0.59 3.81 0.05
Chafﬁnch Constant 0.69 0.28 6.19 < 0.05
occurrence of fruiting trees 0.72 0.38 4.80 < 0.05
PC2 of structural variables - 0.31 0.18 2.86 0.09
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decaying portions can become a rich food substrate supporting large invertebrate
assemblages. Hence, such large trees became a surrogate of dead standing trees for
birds. That is possibly why true-snag occurrence had a weak effect on the avian
community. In beechwoods of the same study area, in contrast, we found that dead
standing trees were an important predictor of bird diversity and species occurrence
(Laiolo et al., in press.), but it should be stressed that no standard in beechwoods
reached the size and maturity of old fruiting chestnut trees (DBH up to 140 cm). In
addition, such old trees likely contributed to create heterogeneity and diversity in
the coppice layer, thus offering a wider range of microhabitats for woodland birds. 
As a general rule, the number of species and overall diversity of birds in Euro-
pean forests tend to increase as the trees grow (Helle & Monkkonen, 1990; Tucker
& Evans, 1997). In contrast, coppiced woods are believed to represent an exception
to this rule: Fuller (1982) and Fuller & Green (1998) have shown a negative corre-
lation between the age of coppiced woods and bird community metrics, given that
few bird species seem to be restricted to the oldest stages, whose closed canopy
does prevent underwood regeneration. In this study we found the opposite, i.e. bird
diversity seemed to increase in the oldest coppiced stands. One possible explana-
tion is that our study stands represented a gradient from coppiced woods that have
Figure 1. — Scatterplot of the bird community along the ﬁrst two axes of Canonical Correspondence
Ordination CCA.
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just reached canopy closure to derelict coppice. Hence, the young (< 8 years) and
supposed bird-rich stages of coppice succession were not represented in this study.
Conversely, in our oldest stands (up to 50-70 years), the natural regeneration of
woods is already taking place: plant diversity is higher and natural small gaps
increase diversity in vegetation structure and allow understorey establishment. In
addition, chestnut blight that affected most of the study stands increased tree-crevi-
ces availability, especially in the oldest trees. Hence, in these mature stands, hete-
rogeneity in vegetation structure and composition following natural regeneration
likely created more forest-like conditions than uniform younger woods, and many
bird species were positively affected by this structural and floral diversity: Black-
bird and Great Tit preferred shrub rich sites, while Marsh Tit and Long-tailed Tit
seemed to be associated to ivy occurrence and Blackcap, Short-toed Treecreeper
and Jays inhabited plots with a greater tree diversity (i.e. where oaks and other
broad-leaved trees naturally invaded chestnut stands). Other studies carried out in
European lowland and submontane woods emphasized the importance of vegetation
heterogeneity for the avifauna, despite the variables affecting bird communities
vary according to the type and geographic location of woodland. Lebreton et al.
(1987) and Lebreton & Choisy (1991), for instance, found out that unevenness of
tree distribution (i.e. the coefficient of variation in tree density) was one of the most
important predictors of bird species richness in several broad-leaved and coniferous
forests in France, whereas the importance of this variable was weaker in these chest-
nut, but this is possibly related to the anthropogenic nature of these woodlands.
In conclusion, this study shows that the greater the variety in structure and
composition within chestnut woods, the more diverse the bird populations and the
more numerous the individual species. Breeding birds’ selection for floristically or
structurally complex habitats (both in the horizontal and the vertical dimension) is
probably related to the greater availability of feeding and nesting sites of diverse
habitats (Smart & Andrews, 1985; Lebreton & Choisy, 1991). The increasing envi-
ronmental diversity of old and naturally regenerating woods reduced the potential
negative effects of derelict coppice described by Fuller (1982) and Fuller & Green
(1998). Hence, conservation management, in the protected area and in the surroun-
dings, should promote diversity in environmental factors, physical structure and
species, and achieving it will not necessarily compete with economic forestry. The
increase of plant diversity can be positive from both ecologically sound forestry and
conservation: it is known that even aged plantations of single species can be very
susceptible to the outbreaks of diseases, and the spread of Endothia parasitica is
just the case. Moreover, as the occurrence of large fruiting trees was the best pre-
dictor of bird diversity and abundance, these trees should be left into senility in
wooded stands. We suggest that it is preferable to manage for nest sites and feeding
areas in this direction, encouraging the natural regenerative power of these woods,
rather than by artificially improving bird habitat through nest-boxes provisioning.
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APPENDIX
List of the 16 commonest  bird species recorded during 183 point-counts and rela-
tive frequencies of occurrence (%)
Common name Scientiﬁc name Frequency of occurrence (%)
Great Spotted Woodpecker Dendrocopos major 14.2
Wren Troglodytes troglodytes 18.0
Robin Erithacus rubecula 58.5
Blackbird Turdus merula 16.9
Blackcap Sylvia atricapilla 31.1
Chiffchaff Phylloscopus collybita 15.3
Bonelli's Warbler Phylloscopus bonelli    6.0
Long-tailed Tit  Aegithalos caudatus 10.9
Coal Tit Parus ater 12.6
Marsh Tit Parus palustris 37.2
Blue Tit Parus caeruleus 59.6
Great Tit Parus major 47.0
Short-toed Treecreeper Certhia brachydactyla 27.9
Nuthatch Sitta europaea 29.0
Jay Garrulus glandarius 12.0
Chafﬁnch Fringilla coelebs 54.6
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